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(54) Data Re-recording Method and Apparatus 



Abstract 

The present invention relates to a technique for re-recording data into an area on an 
optical disk in which recording errors occur. The data re-recording method of the present 
invention comprises a first process of storing a properly recorded sector number when it is 
determined as a normal recording state under which the data (EFM Data) is outputted with a 
predetermined period after the data starts to be recorded on the optical disk, or stopping the 
recording process if the data is not outputted with the predetermined period; a second process of 
reading out the stored sector number after the recording process on stops and loading the sector 
number when an EFM counter hold signal EFM CHS is outputted; a third process of performing 
an optical disk-ROM encoding or optical disk encoding process to generate the data (EFM Data) 
after returning to a position previous to a predetermined sector from a sector in which the data is 
properly recorded, and counting down a bit clock signal with a laser diode of a pickup device 
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turned off; and a fourth process of turning on the laser diode to perform the substantial recording 
process when a count value becomes zero. Accordingly, the data can be re-recorded on the area 
where the recording errors occur. 

Representative Figure 

Fig. 3 

Specification 

Brief Description on the Drawings 

Figs. 1 (a) to (f) are respective waveforms of detection signals for explaining data formats 
on an optical disk on which data is properly recorded; 

Figs. 2 (a) to (e) are respective waveforms of detection signals for explaining data formats 
on the optical disk on which the data is not properly recorded; 

Fig. 3 is a block diagram showing a preferred embodiment of a data re-recording 
apparatus according to the present invention; 

Figs. 4 (a) to (f) are respective waveforms of signals shown in Fig. 3; and 
Fig. 5 is the flowchart for explaining the method for re-recording the data according to 
the present invention. 

♦Reference numerals on main portions of the drawings* 
1 : CD 2: Pickup device 

3: EFM edge signal generator 4: 12_T detector 

5: EFM counter 6: Digital signal processor 

7: Microcomputer 

Detailed Description of the Invention 
Object of the Invention 

Technical Field to Which Invention Belongs and Prior Art 

The present invention relates to a technique for re-recording data onto an optical disk, in 
particular, to a method and apparatus adapted for locating a portion in which error occurred and 
performing a data re-recording process on the portion when recording the data on a 



recording/reproducing system to read the previously recorded data. 

Recently, a rewritable optical disk, such as CD-R and CD-RW, is widely used for the data 
backup in a computer system. A device for recording/reproducing data into/from such a 
CD-R/RW (hereinafter, referred to as a CD device) receives from a host or a computer the data to 
be recorded, and records the received data onto the CD using a pickup device. 

However, when external impact or disturbance is applied to the CD device while the data 
is recorded, the pickup device may deviate from a target position for reproducing or recording 
the desired data and be thereby moved to an undesired position. 

Referring to Figs. 1 and 2, a case where the data is properly recorded onto the CD and a 
case where the data is not properly recorded onto the CD will be hereinafter described as follows. 

If the recording error occurs in the CD device while recording the data on the CD 
(CD-R/RW), the recording process is stopped for securing the stability of the CD device. When 
the recording process is stopped while recording the data on the CD, the data recorded on the CD 
does not meet a data format structure prescribed in the CD standards. Thus, it is impossible to 
reproduce the data that has been properly recorded on the CD or to newly record data on the CD. 

Fig. 1 shows a normal data format structure recorded on the CD, which is defined in the 
CD standards. Fig. 2 shows a data format structure after the recording process is stopped due to 
the external impact or disturbance which may occur while recording the data on the disk. 

When recording the data on the CD using the CD device, the recording process is 
performed after a sync signal ATIP Sync as shown in Fig. 1 (b) is detected. In other words, 
when a user wants to record the data on the CD, a sub-code sync signal Sub_Code Sync as 
shown in Fig. 1 (c) should be provided on the disk within 0 to 2 EFM after the above sync signal 
ATIP Sync has been detected. At this stage, the data (EFM Data) is recorded on the CD. An 
actual data format recorded on the CD has a 1_EFM data format as shown in Fig. 1 (e). 

The beginning of the data 1_EFM Data is synchronized with the EFM sync and has the 
total length of 588_channel Bit. Sync data in the 1_EFM data has a length of 24T, where IT is 
equal to Bit_Clock (in case 'xl', Bit_Clock corresponds to 4.3218 MHz). The longest T 
comprises positive (+) and negative (-) segments of the 1_EFM sync, while the shortest T 
comprises a 3_T segment. Therefore, the data 1EFM Data is comprised of pits having the 
length within a range of 3_T to 1 1_T. 
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Therefore, the detailed data format structure in which the data is properly recorded on the 
disk such as, CD-ROM, CD- Audio or CD-R/RW, has been explained with reference to Fig, 1. 

However, when the recording process is stopped due to an external impact or disturbance 
while recording the data using the CD device, a portion in which the data is not recorded on the 
CD as shown in Fig. 2 (a) may be produced. In such a case, this CD cannot be used later. 

Problems to be Solved by the Invention 

As described above, the conventional CD device has a problem in that it is impossible to 
reproduce the properly recorded data from the CD or to record other data on the CD since the CD 
does not meet the data format structure prescribed in the CD standards when the recording 
process is stopped due to the external impact or disturbance during the data recording. 

In order to solve such a problem, a technique for causing an empty area to be later 
occupied by a dummy data was proposed. However, according to the technique, the disk can be 
used again, but the data already recorded on the disk cannot be reproduced. 

Accordingly, an object of the present invention is to provide a method and apparatus 
capable of locating a bit position in which an error occurs and re-recording the data thereon in a 
case where the error occurs during the data recording. 

Constitution and Operation of the Invention 

In order to achieve the object of the present invention, a method for re-recording data, 
comprising a first process SI -S3 of storing a properly recorded sector number when it is 
determined as a normal recording state under which the data (EFM Data) is outputted with a 
predetermined period after the data starts to be recorded on a CD, or stopping the recording 
process if the data is not outputted within the predetermined period; a second process S4-S7 of 
reading out the stored sector number after the recording process stops and loading the sector 
number when an EFM counter hold signal EFM CHS is outputted; a third process S8-S11 of 
returning to a position previous to a predetermined sector from a sector in which the data is 
properly recorded, performing a CD-ROM encoding or CD encoding process to generate the data 
(EFM Data), and counting down a bit clock signal with a laser diode of a pickup device turned 
off; and a fourth process S12-S13 of turning on the laser diode to perform the substantial 
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recording process when a count value becomes zero. 

Fig. 3 shows a block diagram of a preferred embodiment of a data re-recording apparatus 
for achieving the object of the recent invention. As shown in the figure, the apparatus 
comprises an optical pickup device 2 for scanning the CD 1 to record the data on or read the 
previously recorded data (EFM Data) from the CD 1; an EFM edge signal generating unit 3 for 
scanning the data (EFM Data) reproduced from the CD 1 by the optical pickup device 2 and 
outputting an edge detecting signal ED thereof; a 12_T detector 4 for identifying whether the 
data (EFM Data) is outputted from the pickup device 2 within a predetermined period 12_T and 
outputting an EFM counter hold signal EFM CHS when the EFM data is not outputted; an EFM 
counter 5 for counting the edge detecting signal ED after being reset by a sub-code sync signal 
Sub-Sync, causing the counter to be held by the EFM counter hold signal EFM CHS at the time 
when the recording error is detected, and then storing a count value counted until the recording 
error occurs, in order to detect from which segment in one sector the data (EFM Data) is not 
generated; a digital signal processor 6 for generating the sub-code sync signal Sub-Sync based on 
the data (EFM Data), in order to locate a portion in which the recording error occurs, after the 
sub-code sync signal Sub-Sync is generated; and a microcomputer 7 for recognizing the portion 
on the CD 1 in which the recording error occurs, based on the EFM counter hold signal EFM 
CHS and the count value held in the EMF counter 5, and then controlling the pickup device 2 so 
that the data can be re-recorded into the portion. The process of the present invention will be 
hereinafter described in detail with reference to Figs. 1, 2, 4 and 5. 

In case a CD device properly performs the process for recording the data onto the CD 1, 
the data format on the CD 1 is configured as shown in Fig. 1 (a). The data begins to be 
recorded on the CD 1 after the detection of a sync signal ATIP Sync contained in a ATIP 
(Absolute Time In Pre-groove) data on the CD 1 as shown in Fig. 1 (b). 

When the data properly recorded on the CD 1 is read out using the pickup device 2, the 
sync signal ATIP Sync is extracted from the read data as shown in Fig. 1 (b). Further, the sync 
signal Sub-Code Sync related to the data recorded on the CD 1 is outputted as shown in Fig. 1 (c). 
Furthermore, a 1EFM sync waveform is also outputted from a sync segment of the 1_EFM data 
(Fig. 1 (f)). 

If the data is properly recorded on the CD 1, the sync signals, ATIP Sync and Sub-Code 
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Sync, is outputted every 13.3ms at 'xl' speed, as shown in Figs. 1 (b) and (c), and the 1_EFM 
sync data is outputted every 13.3ms/98. Such an output of the 1_EFM sync data is based on the 
reasons that one sector (one ATIP or one sub-code segment) on the CD 1 is consisted of 98EFM 
data. 

Therefore, if the data is not properly recorded on the CD 1 as shown in Fig. 2 (a), the 
sync signal ATIP Sync will continuously be outputted regardless of the data recording process on 
the CD 1 . On the other hand, the sub-code sync signal Sub-Code Sync and the data 1_EFM 
Data is not outputted from the portion in which the data is not recorded, as in Figs. 2 (c) and (d). 

In other words, the fact that the sub-code sync signal Sub-Code Sync or the data 1_EFM 
Data is not outputted implies that a portion in which the data is not recorded exists on the CD 1 . 
Such a recording error may occur for any data of the data 1_EFM Data as shown Fig. 2 (e). 

If the data recording error occurs due to the external impact or disturbance while the data 
is recorded on the CD 1 using the pickup device 2, the microcomputer 7 stops the recording 
process in order to locate the portion in which the recording error occurred, and then reads the 
recorded sector. 

The data reproduction for the CD 1 is now performed to detect the portion in which the 
recording error occurred. Then, the waveforms, which are denoted by solid lines as shown in 
Figs. 2 (b)-(d), are outputted from a portion in which the data is properly recorded, whereas only 
the sync signal ATIP Sync is outputted from the portion in which the data is not further recorded. 

The portion in which the data (EFM Data) is not recorded on the CD 1 is formed at the 
time when the EFM counter hold signal (EFM CHS) is outputted from the 12_T detector 4 as 
shown in Fig. 4 (f). This is because the data 1_EFM Data recorded on the CD 1 has the 
segment within a range of a minimum 3_T to a maximum 1 1__T, it means that the data (EFM 
Data) is not recorded on the CD 1 if the data (EFM Data) greater than the 12_T is not outputted. 

Since the portion where the recording error occurred should be located with reference to 
T (which corresponds to 4.3218 MHz, at 'xl' speed), a bit clock signal Bit CLK shown in Fig. 4 
(b) is supplied to the 12_T detector 4. Then, the 12_T detector 4 measures the segment of the 
data 1_EFM Data, based on the bit clock signal Bit CLK. 

To measure the segment of the data (EFM Data), the EFM edge signal generator 3 
receives the data (EFM Data) shown in Fig. 4 (c) from the pickup device 2, and then outputs the 
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edge detecting signal ED as shown in Fig. 4 (d). 

In order to determine which segment in one sector the data (EFM Data) is not generated, 
the EFM counter 5 is reset by the sub-code sync signal Sub-Sync as shown in Fig. 4 (e), which is 
inputted from the digital signal processor 6, and then starts counting up the edge detecting signal 
ED from zero. 

Thereafter, if the sub-code sync signal Sub-Sync subsequent to the sector which was 
successfully recorded is inputted from the digital signal processor 6, the count value thus far is 
reset again. 

However, if the EFM counter hold signal EFM CHS is inputted from the 12 _T detector 4 
while the EFM counter 5 counts up the edge detecting signal ED, the count value thus far will be 
stored. The stored count value of the edge detecting signal ED indicates a position where the 
recording error is generated from after the sub-code sync signal Sub-Sync is detected. It is 
noted that the stored position of the EFM error is used to determine when the diode in the pickup 
device 2 turns on when the recording process is resumed later. 

In other words, in order to locate the portion in which the data (EFM Data) greater than 
12_T is not recorded, the EFM edge signal generator 3 outputs the edge detecting signal ED as 
shown in Fig. 4 (d) and the EFM counter 5 counts the outputted edge detecting signal ED. 

Moreover, in order to locate the portion in which an error occurs after the sub-code sync 
signal Sub-Sync is generated, the digital signal processor 6 produces the sub-code sync signal 
Sub-Sync shown as in Fig. 4 (e), based on the data (EFM Data) outputted from the pickup device 
2, and provides the sub-code sync signal to the EFM counter 5 as a reset signal. 

The value stored in the EFM counter 5 is one (1) until the EFM counter hold signal EFM 
CHS shown in Fig. 4 (f) is outputted followed by a recording error. In other words, it would be 
recognized that the recording error occurs, following the l_channel bit after the sub-code sync 
signal Sub-Sync is generated. 

If the EFM counter hold signal EFM CHS is outputted from the 12_T detector 4, the 
microcomputer 7 causes the control operation to stop in order to detect the portion in which the 
EFM error occurred, and then begins the CD-ROM encoding (in case of ROM data) or CD 
encoding process, from a sector previous to two sectors with respect to the relevant error sector. 
Thus, the EFM data is generated, but the power is not supplied to the laser diode in the pickup 
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device 2. 

When the CD encoding process is conducted for the sector in which the recording error 
occurs, the EFM counter 5 counts down the bit clock signal Bit CLK, and thus, the count value 
starts to be decreased. When the count value becomes zero, the power is immediately provided 
to the laser diode and the data re-recording process is resumed. It is understood that the 
recording error starts to occur on the CD 1 at this stage. 

Effect of the Invention 

As described above in detail, the present invention has an advantage in that the recorded 
data or the optical disk itself can be efficiently utilized by locating the position in which the 
recording error occurred and re-recording the data thereon/considering that the ATIP sync signal 
is properly outputted, but both the sub-code sync signal and the EFM data are not outputted from 
the error position in a case where the recording error has occurred due to the external impact or 
disturbance while recording the data on the optical disk. 

(57) Claims 

1 . A method for re-recording data, comprising: 

a first process of storing a sector number which is determined as a normal recording state 
under which the data is outputted with a predetermined period after the data begins to be 
recorded, or stopping a recording process if the data is not outputted within the predetermined 
period; 

a second process of reading out the stored sector number; 

a third process of reproducing the data after returning to a position prior to a 
predetermined sector from the sector in which the data is properly recorded, and counting a clock 
signal; and 

a fourth process of performing the recording process when a count value becomes zero. 

2. The method as claimed in Claim 1, wherein the first process is using an EFM counter in 
which an edge detecting signal for the data is used as input data and which is reset by a sub-code 
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sync signal in a periodic manner and is count-held by an EFM counter hold signal so as to store 
an area in which the recording error has occurred in the sector. 

3. The method as claimed in Claim 1, wherein the sector number read in the second process 
is loaded when the EFM counter hold signal is outputted. 

4. A data re-recording apparatus, comprising: 

an edge signal generating unit for scanning data outputted from a disk and outputting an 
edge detecting signal; 

a data detector for identifying whether the data is outputted within a predetermined period 
of time; 

a counter for counting the edge detecting signal to detect a portion where the data is not 
generated from one sector, and storing a count value counted until a recording error occurs; 

a digital signal processor for generating a sync signal based on the data in order to locate 
the portion in which the recording error occurs; and 

a microcomputer for identifying the portion where the recording error has been occurred 
and then causing the data to be re-recorded thereon. 
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£1X1 8*8 ¥§0| g^£|Q **0|| 3 MlPg A|§8IXI S8I30 SQ. 



OimJlX8H= Us *l MM 

0)» HOI JIM 09X100 SlWAHte QIOiag ?l^8Fte Eg S30IU fl&OII 2|8H 3146^01 5592. OIOII 2|SH 

n mi ci Mia s^oiiah fliAie aioia sag s^aoixi hspi nieoi mipoii 01 01 g^ss ?me iioiei*'xii«i 
si^u e ci§ e am aioiag ^i^sife 201 g^si^i afc hs'oi swap. 

oie aiaw am 35*011 mipsi a 3 yon a 01 aioiag :>i^8Hs :>i£oi Hieiaafeai. 01s oigsht 3^ 

gMS P±Hfe PAI AtSIt 4> SI 31 01 01 D\mS QlOiate AtStt ^ S13II SCI. 

to Ei- ah , s &soi oi^nxfsife ?i^2i amife mipoii aioiag di^sizq aife Egoii e#:h taafe s*? s.mo\ m 
mm mm. ?\t\m stomioi aioiag HPi^sifc aioia & sxig ms&oii ao. 



s sssi easpi «e mipsj aioia 7&D\m aas mipoii aioia Pi^gsfe aisj& ^ aioia(EFM oata)^ 

4i§ §4f2!e! ^f^^EHS &B8I0I gfe^25 «!a. SSg 3 Ql 01 a (EFM Oata)?l 

±m g^axi dtm w 7\mm^m gxisfe jiiij»§(si-s3)j}|; D\mm^m gxi& ^ x-isa «ieissi a 
oimoi oioiiHs sisa se6!§(efm CHS)3^ m n aiaemg sEsife Jii2a§(s4-S7)a: caioia^i s^ss 
^as ?a ^§ ^a oiasi axis ^?i& ^ mip-# syssa mip aiagg A|s^s^ol sioia(EFM oatajg 

S*SA|3|2. SjaSXISI SIIOIXHPOIEEg 2S4fEHS SXIS ^EHOIIAH biee^tlSg^if^lSSSIfe SI33f§(S8-S11) 

3f: Ul\ ^gSSiOl g OH feOI aiOIXIPOIEEg SAIS Pl^e^OI ^ga:HI 8hfe WI43FS(S12,S13) 
2£ OI^OISP. 

£3@g tssi g^spi 91 e aioia ih^i^ §xisi m&H oiiai m^esah oioii eai& oisf hoi, mip(d 

Oil aiOIXJSM ^AISIOI QlOiag ^I^SI^P OIOI ^I^S QIOIEKEFM Data)S g^CHLHfe: Sa|2jS3tl(2)2f: 4^1 SSjSS 
Xl(2)0|| 2|SH MIP(1)S ¥a XH^g^afe CflOia(EFM Data)S 0I2I 0||XISg^£(ED)B g^Slfe OI0IIHS Oil 

%gl\{3)Sl: 5J2JSXI(2)0IIAI ±§AI2H12_T)UI0|| QIOIBCEFM Data)^l g^afeX|£| 0I¥1 SfeiSKM h Ql 

0IH(EFM Oata)^ #§?aXI EDI OI0IIHS 9jaH SEiJS(EFM CHS)g S^SJfe 12_T SS?l(4)2f: » ?Zh2l 

CHi= ¥ SOII AH Q]0ia(EFM Datapl m^oiX\ aSifeXlg S^oPI flSJOl, AH«3E &D\ id ^(Sub-Sync) Oil 2I5H El'/JISS 
* &^| 0|IJIgg<y^(ED)g 3ISM8IP3I ^I^S^ SgAlgOIIAH 4^1 01011 = ^ 3ISQ SE<M^(EFM CHS) Oil 2|8H 
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S SE30I 30HWXI 3lS§e gig 3|2jSfte OIOUHS 9>Sa(5)£f: S3I&!£ (Sub-Sync) 3K * 31^2 

gglgl ¥Si S-OILN?! 9ISKM. &3| QIOIEH(EFM Oata)S 53HS &3| AIH3E S 3lcJ£( Sub-Sync )g i?g!8lte P 
XllfidS £H£|3|(6)2>: &3I OIOIIHH S£cJ£(EFM CHS)£> OIOHHS 3^9(5)011 SE9 2iM &3| MICI 

(D^OilA) ^I^SLWPh g£SS ^S§ S!*l& * aia§XI(2)S SICHSKH SHS ¥SOII 0101931- XH3I^ £l£*8>te 

otoiasasa(7)s ass, oia- aoi s fessi ^§e §¥& e 1 si e 2. £ 4 * e 5i sssioi 
^ Aiis 1 ggsia amm ap. 

mipsxp* Mia(D^oD aioias ^^ms.s. imwn site spj n mipo)2i aioia ssss £ 121 ( a )» asa. ai 

OI83I 3|^Ste A1SS 3 MIP(1)&0|| ^PJSICH Site £ 1S| (b)2J as ATIP(Absoulte Time In Pre-grove) Qioiasi 
e^ldS(ATIP Sync)^ 3fS OI*OIP. 

3&II2, &3I AMP(1)&0|| §4>2!2S 3|^8 QIOia3| S!S§X|(2)0|| £|8H SSjXie 0|£¥a £ 12| (b)SJ S3|£! 
£(ATIP Sync)?* S^EIH. £Sh MIP(1)0|| 3|^S CflOiasi AHH3EOII □& #31 £!S (Sub-Code Sync)3> £ 121 (c)£f 

aoi i^sa. nam. i_efm Qioia2i s3i?2H£ 121 (ojohahe i_efm §31 msoi s^aa. 

0|2| aoi M|P(1)0II §&^2£ QlOia^f 3|^£|01 SIPS. §31 6! £ (AT IP Sync) £F AIH3E S3|£!£ (Sub-Code Sync) 
te £ 121 (b).(c)0IIAH2l aOI IdH^AI 13.3_msOIP S^S2. 1_EFM #3| QIOIBte 13.3_tn/98 OIP g^Sa. OI2f a 
01 1_EFM S3| QI0ia2| §^§ S>te Ol^te MIP(1)2| 1*13(1 ATIP Ete 1AHJ=L2£ 98.EFM 0IOia£ ?£SCH 

si3i (IMSOIP. 

E 22| (a)CHf AlSf aOI QIOia^F UIS^^SIS l\m&0\ SIPB &3I §3I6!£(ATIP Sync)te M|P(1)2| aioia 
D\m Ol¥0|| 33118101 £ 22| (b)2J aoi 38^ ee<£|Xieh AHH3E #3l£!S(Sub-Code Sync)2f CH0IQ(1_EFM Data)te 
£ 22| (c).(d)0||At2l aoi Q\0\E\D\ 3|^£|I| &S ¥SOI|Alte S^SXI SteP. 

S§. AH«3E S3|cJS (Sub-Code Sync)U G||0ia(1_EFM Data)3> §S»£IXI StePte 2!S MIP(1)<HI (310103* 3I^SXI dt 
SIPte 3S§ 2I0ISQ. Oia as 3|^2Wte E 22| (e)(HIAH2f aoi QI0ia(1_EFM Data) S CH •= ¥§OIIAHU 4* 

sip. 

s!ejsxi(2)m ssh jmckooi Qioiag 3i^j5ni site Eeoii s^oiu £ie #oii sjsH 3|^£#3^ a^ae □^olasa 

Sa(7)te 3 2W3^ »0HJ3| 9)8K)1 i!B*3|^S2R# §XIA|£J ^ 31^8 ^a{aM aCHt«P. 

oia aoi s#3t e«a ¥gi asspi «8K)i Mip(i)g »ia*!£i8fe. aioiaPh §4,^22 3i^a ^soiiAHte e 2 

SI (b)-(d)0IIAH2f aOI ^^!£S SAIS IUSOI S^SXI^ 3|^0| §B@ ¥g¥3te S3|£!S(ATIP Sync)& i^SO. 

MIP(1)0||AH Ell Ol E) (EFM Data)3f 3|^£|X| StS ?SS § 12^T gg3|(4)0||Ai E 421 (f )2J &g 0101158 SE 
dS(EFM CHS)3J g^Elte AISOIP. aUShH. MIP(1)^0|| 3|^S HI0ia(1_EFM Oata)te 2i± 3_T¥a 2) CH 11_T2| =? 
&m 3HIHS 12_T 0|^ Q| Ol a (EFM Oata)3| g^SXI StePB MIP(1)0|| QlOia (EFM Data)3| 3|^£|X| aSlgg 2|0| 
8h3| OH SOI P. 

3|^£#3| ¥S§ 5>3| floHAHte T(1bH^A| 4.3218_MHz)S 3I5SS 3|^£^3|- ©SB ¥S§ SOtOf StHS ^ 

3| 12_T SS3|(4)0|| E 42| (b)2f US blSm^6ji(Bi t CLK)fi SSSHl. 0| 12_T Sg3|(4)te 3 bl Eg£{^S(Bi t 
CLK)M 3IS2M QI0ia(1_EFM Oata)2| ^ZfM ^§&P. 

&3| Q|0ia(EFM Data)2| ^S8PI W5\0\, 0|0|l5.aO||XI6!g &^.3|(3)te E!S§)tl(2)S ?H S33te E 4S| 

(c)£l as Ql Ol EH (EFM Data)B S3S>0I £ 42| (d)Si SS OHIiagdS(EO)fi S^&P. 

4f3| 12_T g#3|(4)2f mm » *!ia ?^2| Olir ¥S0||AI QlOia (EFM Data)3^ &^otX| aSlteXIM SS8PI ¥18101, 
OlOHHg! 3hSa(5)te PIIi?6!m *t£|3l(6)£ ¥8 iJ^flte E 42| (e)£f as WS3E g3| eJS (Sub-Sync) Oil 2|SH El 
AIIMS ^ ^31 0||XiaedS(ED)S 9^S(0¥a 4^^SS)8|3| AI^&P. 
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01*. PX|g£!£ JH£|}|(6)£ ¥E) Sl^ISS 31^8 *«a Ds2| AHH3 = §:>!£!£( Sub-Sync 8)^33 3IDI 
WXI &m dlMIMAIgJP. 

nau. fe^i oiohhs 3\m&(5)i\ onxiaetjs(EO)« 9JSEsni safe esoii 12J- ss?i(4)s ?a oiohhs 
s=<ys(EFM chs)^ ejeiae zidHwxi 3teset as Piejswi afeoi. oig?ii ?i2ja o«xias6!£(Eo)2i 

MStS /H«3= § 31 (Sub-Syncpf 3132 UAI^EI J\mzmDl &2ia Al§£| SJQI8H31. 0101. 3|Sj 

S EFM £H ?IXI2iS Dl^g^s DAI A|2?& 001 fi!2S£l(2)2| 3101*1 PO!2 = £l SAISg gSSlteOfl AFSSCf. 

DAI&5H/H. 12_T 0|& Q|OIEH(EFM Data)^ 7\mSX\ 8fS ?Si «oKH OI0UH8S dllldS Bf^lJI(3)fe 

E 42| , (d) 2f US 0)IXISS6!S(EO)M §^8(2, 0|0il = 2l ^§a(5)fc 3 OHXISg£!S(ED)M 9teS&CK 

£E&. AHS2E myitis. (Sub-Sync) D\ g^S * Sga ¥Si 9»0|LH7I flSKX fe^l PXIIf£J£ »BI?|(6)te & 

3| S!gjS£l(2)0l|AH S^Bfe QIOIEKEFM Data)© e:HS £ 42| (e)a US AH«3= g P I £!£ (Sub-Sync)© WgSfa. 

o\m oioflsa 3h§a(5)2i siahs^ss ssso. 

g^BOi H 42| (f)» OIOUHS' ^SEH S = i!£(EFM CHSp* S^gm^X! <£D\ 0I0HHS 3>Sa(5)0l| 

^lejaoi safe ate ioip. s*. /d«2= s^i<ys(sub-sync)^ i>«an 1JCHB b|e ^oil D\m 2#?f &4Sa 31 

OIP. 

«3I 12_T aS3l(4)0||At OI0IIH8! 9^9 S = d£(EFM CHSP* i^SIQ OIGH. O^IBSSSEH (7)fe EFM 2.m\ 

ssspi fie* »ioissfm * gf^a aias 2*ia oi.ssi ^.'h^eh dai mip-s e«3g(i 
aioiae! a?)a mip eisgt ai^skm efm Qioia:n eaaxiej- aiassi(2)°i aioi*ipoi£=o]i m«© ssc^i & 

&P. 

01a aoi 2n:» if^a ajaoii chjsh amp euagoi Aisfas. oioiiHgy 9hsa(5)fc &di mmmesti&wi 

CLK)M 36>9h&S8tOI 012] ^SMStOI &£S3I AIJRSH1. 01 9>§MStOI 001 Sfe £2* 2IIOIXIP0I2H0II 

sesfoi oimi^a aioiaa xhpi^ s^oi Ai^afeai. 01 aisoi miqo)#oiiah o\ms.^D\ Ai^afe aisoip. 
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8H 5|^2#3> loafer 3?, D. s?mQUM ATIP fPI^ISfe §i^2S S^aXI^ AHS2H M3liilS2f EFM 01 oi a ?J 

s^axi sfe 3ae a-&shoi «hs wnm souj * cuoiaa xhji^s^^ &ssmi pi^gej oioiasi Ahsoi s^^ 
sf?n a*u sp^a nuiB Ahssm ss^i afe a# gfxie 4> syfe si?i sap. 



Qioia pi^gsfg aijrb * aioiae 4:§ ^^is g^ae s.^ajej ^i^^ehs ee»oi ^i^a ^a 
acnuife xii23i§3i; aioiae §4fj|2§ ^i^a aias ^a ^a oiasi §s?iohoj aioias jh^sshi. § 

SShfe QiOia XH^I^ gfS. 

2. nnsoii atoiA). Jiiiaiss aioiaa omis#<yss s^aioias o, ahm^h M^itjsoii sish ^^i 
ai -mi saw. oioiiHgy ^^sa SEtiswr sish ssao) ^auoiiAH pi^a^^j g«g ^i^s^ 
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4. aias *?a iHgisfc aioias ±®&oi onxisetise s^sfe oiixi^s ±§ ailuhoii 

g ^lajSFte ?hsaa; ^i^sa^^i^ &gis ¥s§ swm:?i wg\o\, mi a\o\&m e^s s^i^jss cixigd 
°s shfe aioia epi^ sa. 
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fcir**— #-SvSr*Ml»iU ^(D?—* (EFM Data) 36S0fSO«JW"Ctll* Sttftl^i: 

^ ^r— #-^4rtt*W bT EFM # ^ KfflUHEFM CHS) $*L3 £ g\ -t<Z> 

*^oi:^=i— -tV ^SrUMfrLTT*— * (EFM Data) fc° -/ ^ T y ^Scd 

I/— if *V K?r^-7^S(«^ Ufctfcflg-tN tf s/ h * n 5/ ^ fg-3-£«J*# * ^ h 
-T5!fl3iga£ ; ±15^7 Hlt^oi:*5i:t, -bISi — if *V K&^-i'S 
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12© (a) — (e) f4#!£#ttfc*#i&*ix:fc3te^ ^ * ^—^7^-—^ y h £t&0Ji- 5 
m 4 © (a) ~ (f) ttm 4 T'<7)#$BO^?i^|ll e 

El 5 i«P^f-^StHt^l^t5ftf7P-ft- ho 

i:CD 2:^7^7^^! 
3:EFMx^^ffM^ 4:12_T|§£2£ 

3§ Sift 

ftjfi =i ^ t° ^ — * T -A T'^— &<Ds< yPT y ~?<Dtz. in— fc te^frU Jbc£>» 
i&^a* pJtg^^T 5 -f * * £ It, CD (CD-R) N (CD-RW) < ^ffl £ jh/CV^B 0 - 
(D&ote CD-R/RW «r»*»Jif*— ^ Sr»3iA/« «9 , S^i-*$lflt (£AT, CDiti:V>9) 

(Pick-up) Srteffi bT C D ^■9 f — * i&tf ± 0 tcfc 5o 

j^T, HI 1 HI 2 C D±tC7*-^ dSE«ffi<J»c#ji* tbSii-g- i: ^jE^W 

K» t &£ft -5 *§^-*J- bT^-rtuf»Oii «9 T*fc 5 o 
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m l f4CD^jEflS'6<jtc##ii*ixyt7 ? — ^OJgl!8S:^LTV^AS, rcDefc 9 ftT*— * 

CD^B^CD^— *&*£i&t?R#* BH©(b)«0«t5JtelRlffl«*(ATIP Sync)**** 

<5#£\ _bl5mi^f-i-(ATIP Sync)*Stftai**Lfe^*»b 0—2 EFM rtKEI 1 (D(c)O «fc 
5^-^^='— KIH^f-^(Sub_Code Sync)iS*#ii**LTV^*ttttfi/iP>JiCV\ 
^O^TCDHt*- *(EFM Data)*S##ii'-*iX, ^ISl;:CD_hK##i&3:ft5JgHB 
ttE9 1 <D (e) <£> «t 0 \Z. 1_EFM 7^— ^ :7^— v v h ^^^r^ 0 

±12^—^ (1_EFM Data) {3 EFM RSB^^ — 9 * w & (1_EFM Data) (D 

588_channel Bit 1_EFM l^gfl-r— 24T(lT=Bit_Clock(X 1 OB$ x 

4. 3218JlHz))<7>:K 5 o * tSV> T fit i_EFM % A (-) ©Effl"?, * 

fcffil^T f* 3_T IZIW-e&So' t^oT-hief*— * (1_EFM Data) f± 3_T *»P> 11_T Wfi^ 
ft5f>y h(P'it)3&»P>fto-Cl*3 0 

^^-C\ .El 1 MIT CD-ROM, CD-Audio. CD-R/RW .fEjEfitfalwIalBJ ^ix/c^—^ <D 
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& * 1$ tPF i& t& y ffi fff 

w<b^-C#^v>(^-C', C D ^UEt^iE^^]^*^ iA^tL/!:^-^ Lfc 9 % fetor 

tfS$&dfci-.5#£\ ■IROtfSSS&Lfcfc's' W£«£$?bffiU 

*m m <d b &d & mtft-r sfc^wcD * * t & & « c d ? m^^m^ 

^-^(EFM Data)aSMJ£«fflT?m#$n*lf*, Mftft«iA^fi^J 
(IrU jES^J{-##ii*tbfc-fe^^— ##Sr*iWU, (EFM Data) #0?^ 

5W-em*$^V^ #ii^»]^ t: f 3 ih-rsm l ifig<Sl-S3)£;#i&*Sbfls«r«f».il:b 
tzM.^ JifBtei^Hfci?^*— #^£^ffiU E FM* £ — KflT #(EFM 

CHS)#ti};ft£*L5B#, *©-fe^^-ttSro - K"f"S» 2 iflS(S4-S7) i: ;7*—?&lE 

%mzm%7&izftt^?*—frbffij£^?*—&m<D&^ cd-rom 

y^tCDxya-f^ y^lr^fc'CT — ^ (EFM Data) &3g££-tir. fc° 
^-f K^i^i^ *StW*#3i*ftf^* s fft>tLS«k5twi-SjR4jflS(S12,S13) 

# & * ttfcT*— * (EFM Data) Vv9T y T^g (2) 1 1 _hlE#; K° y 9 T y 

7 p 3g«(2)|JlJ: 19 CD(l)^bf?3Effi^£;ft5^-*(EFM Data) ^ U ^<75^ 

y S?tftiHflr-!§- (ED) ^fcUM^EFMxy S*{t#38£3& (3) i: ; ±.|H \fy9Ty y*mW 
(2)X*ffife&?ffl(l2_T)fa\ZT*~- * (EFMData)^ffi^^tLTV^§^^5^Sr5lML, 
^— * (EFM Data)tf$ffi^£*l/fcVM$ % E FM# tyls? — Kilt (EFM CHS) &tiAZ} 
-TZ> 12_T^U3§ff(4) £ ;— fe^^ — EW^if«>SP5) > "C9*— ^ (EFM Data) ^4t^£^o 
fc^^^ffi-TSfcfe^, -9- ^3— Kl^^t-^-(Sub-Sync)('J; 19 V -£ y h^nit^k. ± 
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IS^ (ED) ^^7 h LTV^5^^T*##ii^O^^)^ttS^T•±fEE F 

M# * — * — /V Kff -!§• (EFM CHS) tC J; «9 # £ ^ h K $ *U ^<DH#3; T*# £ > 

h LfciltSrfElft-*-* EFM*!>y^-(5)t = — K[^»jfg-*§- (Sub-Sync) *S»^ L 
fcSL *i&3*tf>lS t) ri*3§£ \stc.nft%m tffltfcfcC, _hfa^-^ (EFM Data) 
(C±f5if^ = - KEJJWflT-* (Sub-Sync) ^/Wf^&ll^te) t ;±IEE F 

■M*i>>^— y^Kflr-5-(EFM CHS) £ EFM**^* — (5) t-*—/U K £ ;fXfcM£*g 
«6^, -LIS CD (1) _b-C»# 0 a*#£LfclFB#&BIBLfcgL -hIEf y * T y 

(2) SrfaJ^] LT^SMfCf-^ **. <b tlZ> «t 9 (d-T 5 ^ * n =j > fc° 

RTjqg2, 0 4X150 5 *#MUTI¥jWfwKMi-nif»COji«J-e*)5o 

CDif^CD (1) ±lZ<r — ? &jE'%mzWZ&/vX~\,^Z>m, ^©CD(l)©f-^7 
t-vy MiEU lCD(a)£n?ICT*&>9, T f -^^##ii^iX'5^f*^c7)CD(l)±(^ 
^Jftl^TXTV^IH 1 <£>(b)<£>«fc 5 Jfc ATIP(Absoulte Time In Pre-grove)-^— <£>|^]#H@ 
-§-(ATIP Sync)^tH$HfeW#-CfeSo 

tLT, Jbf2CD(l)±('jE^^S#iZ t ^nfcx— ^^t° 5 /^T^7 p ^«(2)(Cj: <9 
ttStttb'ri, ^tlfrbm 1 O(b) ©J:? *FI»!fff#-(ATIP Sync) ft. c 
DdJ^S^iA^ttfc-X — *<£>-^=r — KtC^t-T 5 l*I#Hf-5§- (Sub-Code Sync) #121 1 O 

(c) OJ; 5tettJ27£:ix5o ^tt, UEFM-r-^OH^E^da 1 ©(f))"Ct> 1_EFMIr1^ 

saga* tttf7£ ft*. 

rc^J: S'^CDdJ^iES'^Jt-^— ^^^^iA^tlTV^fi, RI»!fll#(ATIP Sync)<i: 
•^^zi — KI*l#Hf-5§- (Sub-Code Sync) till] 1 <D (b) % (c) "Ctf) «£ 0 1 {&^H#(C 13. 3_ms 
&UlfcB;ft£*L> l_EFM|tl^x — ^fi 13. 3_nrff/98^(Ctti^J^KSo ^> ± 0 l-EFM 
if-^oW^^tt-SlilJCDa)^)! -fe* * — (1 ATIP £fcfi 1^^=— KEM) 
# 98_EFM t"— * -C^Jifc $ ilt V ^ 5 tcbbX'h 2> 0 

(ATIP Sync) liCD (1) <Dy*— ? ji^^^tcBB^* < EI 2 O (b) <Z> J; 5 toKtt T ffi 
^^tb-SaS, V7=*— Kl^^fs-§-(Sub-CodeSync)^^-^(l_EFMData)f*IH2<^(c), 

(d) -C(D«t 5 lCT f -^aS*#ii*tL^V^^-C'(ia3^ $n^V\ 

BP*>, -y-^^— FIH^Hf^ (Sub-Code Sync)^^— * (1_EFM Data) tUt} $ tlfo ^ k 
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& • sb 

my l*m 2 <D(e)X*<D£ ^Cf- 9 (1_EFM Data)*, 2ftf>«P#-0 t>3§£.£;h4#5o 
\fy ?T y 7°=£g(2) Srii CT C D (1) fc^-* &*# i&^^SS^l-W^SL*? 

CD(l)tf-^ (EFM Data)riS#£&*n&V^#f2^&fr*> 12_T tfetH*<4) X'C£>|2] 4 
<D(f)<D& 9*EFM*^y^-*- yWKfi#(EFM CHS) *Sfcb^J £*L5B#,6-C-fc£ 0 ft 
e>f*. CD (1) Jbtw^^ji^ixfc^— * (1_EFM Data) (ift/h 3_T 3&»?>ft* 11_T (7) 
|ZM*#i"50>-C x 12_T UAJrr — # (EFM Data) ^ffi^J $ tLftltftfi C D (1) {C^— ^ 
(EFM Data)*S##j&*tb**»ofer.tS:St5lci-S"yS:«)t?*)S. 

##S&3Ma»t> *S|8^UfcaJ^Sr«li-fe«)H:f±T(l {&)£B# 4. 3218_MHz) SrS2p^»ii 
3ME>»«5 #38£ Lfc Jfctttbff * <b&V^-C\ -LIE 12_T tftfcH«(4) tcgl 4 <D 

(b)tf>J: 5*tfy a 5/^<f-i-(Bit CLK)£r#fe*&U - <£> 12_T^ttJ^(4)(i^:Otf 3/ 
> * o y ^<t^"(Bit CLK) temmz. 1 ?—* (1_EFM Data) OEP^^a'J^i-<5 0 

JbfET 5 — * (EFM Data) OEWSrSafet^fc*^, E F y v^f (3) 14 fc° y * 

T y ZfmW(2) fab&%&&thZ>m 4 0(c)©i bt£?—9 (EFM Data) ti\ EI 4 

o(d)oJ:5 y v*&tfcrtf -*§-(ED) Sratfr*-*. — 

±SS 12_T^ffl^(4) <h*(^— -*9 9 — m&<OX<OU&~£ s ?—* (EFM Data) 
d»o/td>*«lffii-5fe*JC % EFM*^^-(5)f^ /HS#AQf (6) 36 » P> A* $ 
tt5H 4 0(e)(7)J:5 ft-tf-y = — Kmi^f-^ (Sub-Sync) IliOUtyh ±IE 
^>y^ffi{f#(ED)«r^!>^ MO*»e>Jb£.;&*>' h) Ute«>5o 

±iE^*/Wf^S^(6)/^b/&5^^ 
Kl^lSlff (Sub-Sync) ^^HtlfJ, -t©^^ h LfditSr y ir y h £ii:5o 

Lri»U Jif5EFM#^V*-(5)^;yv^ffi{f^(ED)£#?:/ h LTV>5j£cp{;:i; 
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^ . £g ^jk gqp ^ 

15 12_T &titff (4) ^bEF M# * — K{f -S§- (EFM CHS) fcX?} £ fttlltt <7)B# 

(ED)^?^ M£ttJ:1E1f:/=» — KFl»lf9-i3-(Sub-Sync)dS«lttl$nT*»5>»tii^ 
^0^^LfeB#^^{4«$rE*b, ^<DB# N |B«$tL^EFII<7?|g't)ffi11ia{±»#ji 

_kJEE FMi y (3) taEI 4 <D (d) <£> J: 5 ftai y v^fctjff # (ED) * ffi^j b % 

_hlE EFM*!>y^-(5)ii^x 7 WW* (ED) S: # * ^ h -f -5 „ 

^ = — KBI»ifll* (Sub-Sync) 9 *s»^fe U^iSB^Srfil U W-f 
fL tb {-±15^ ^ * /Wt-JBQtgSI (6) ■ _hfS fc° y * T * -fmW. (2) -C* ffl7J $ ti Z *r — * 
(EFM Data) &*B#!twl2! 4<D(e)<D£ ottV-fzi— KH]#Hf # (Sub-Sync) U ^ix 

^_hi5EFM^^i/^-(5)oy-fe5/ h<t#T-^-rs 0 

*# j£^£>^ 9 U m 4 tf> (f) <D <fc 5 E FM* *7 Kit* (EFM CHS) 

#tti*j£;fx££T\ ±faEFM#*>* — (5M;if&1t£*LTV^fii:te l "CfcSo' BP*,, 
±151?-:/ = — KEIWHB* (Sub-Sync) j&S38££*U l.^-^r^/Hi'y h&fcl##j&2M£> 

_blE 12_T ^ fctiS (4) "C E F M# «7 > * — * — Kfe# (EFM CHS) tlfl f* % w 0) 

RftZ-^ ^ n =i 1/\?=l — ^~(7)fiEFM^«9 ^H4tt^.^ft{lit5fcfeO$iJili 
f^Srfltbfc^ ISflaM&febfc-fe** — 2>>b 2i?^* — J^ftftOir ^-j^ffT^C 

n b T EFM — * yf-y 9 7 y ZfmW (2) If ^— KiH'* 17 — 

lfcifi&bfcV\, . 

I O <t 5 t !) ^4 Lfcir ^ ^ -1^ UT C Dx y n-f ^ 

*U£, Jb|SEFM^7!7^^-(5)fi±l5lfy h^n y^{f*(Bit CLK) £rgc|£;*7 ? >- h 



7 



KIM & CHANG 

(57)ff^Ot£H 

y=i — KR«fll «t 'JliiWl' y -fe y h EFM # /u Kft-g-M «fc 9 * 

* v * V ^ 5 r £ £ -TS ^— * # £ 

3. m 1 Jg^^T, $ 2 iSS-Clfc^tH^tLfc-fe* EFM # 

— o o-fe ^ * — EIHJ X*7*— <? £ *tfc V ^ t r. 3 4rfc aW" 5 «> fc: , _hlE^ y 

fito 
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